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GEOLOGY OF FLORIDA 

E. H. SELLARDS 
University of Texas, Austin 

To those who have seen Florida but casually it may seem that 
the geology of the state is entirely obscured beneath the sand, soil, 
and vegetation of the prevailingly level surface. But to those who 
have looked more closely it is apparent that such is not the case. 
It is true that the problems of geology are made more difficult by the 
lack of frequent and continuous exposures, but they are not neces- 
sarily made impossible of solution. The numerous stream channels, 
railway and public-road cuts, drainage canals, and drilled wells 
afford records from which the stratigraphic succession and structure 
of formations may, with patience and persistence, be worked out. 
Fortunately many of the formations of the state are richly fossilif- 
erous. Nowhere in the United States do the Tertiary and Quarter- 
nary formations contain a more abundant, more varied, or better 
preserved marine invertebrate fauna than in Florida. In this 
respect there is an embarrassment of riches. Dr. Dall in his study 
of the fossils of the Caloosahatchee marl, recognized in that forma- 
tion alone the presence of more than 600 species of mollusks. 
Vertebrates, although as a rule not so well preserved as the inverte- 
brates, are relatively numerous. No state east of the Mississippi, 
perhaps, contains so many Tertiary and Quarternary vertebrates 
as does Florida. Fossil plants, although less abundant than either 
invertebrates or vertebrates, are not wanting. It is seldom the case 
that a single formation holds both land and marine fossils, yet 
something of an insight into the interrelation of the marine inverte- 
brates, land animals, and land plants is secured in the Florida 
Miocene and again in the Florida Pleistocene. In the study 
of the fossils, Florida is in many respects a state of exceptional 
opportunities. 
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TOPOGRAPHY AND ELEVATION 

In topographic detail and surface configuration Florida is by 
no means lacking in variety. In this respect the state pre- 
sents much greater diversity than would have been anticipated in 
view of the fact that the maximum elevation within the state 
scarcely exceeds 300 feet above sea-level. In the upland section 
of the state the intimate relation between topography and geology 
becomes apparent. The limestones under the influence of a heavy 
rainfall and an excess of humic acids in the ground water have 
dissolved rapidly, and when lying near the surface have produced a 
characteristic topography. The lowlands bordering the coast, on 
the other hand, have been but little affected by erosion, and in these 
areas the sur face is perhaps but slightly modified from its original 
condition. Of the land area of the state, approximately one-half 
lies below the 50-foot contour line. This belt of land below the 

50o-foot contour includes all of the peninsula south of the northern 
end of Lake Okeechobee, and in addition a strip of varying width 
bordering the Atlantic and Gulf coasts. Aside from beach deposits 
and sand dunes, this belt of country is prevailingly level. The 
surface deposits are usually sandy, although, as will be subsequently 
indicated, limestones underlie considerable areas. 

The higher lands of the interior of the state present for the most 
part topographic features that are difficult of description, owing to 
the apparent irregularity and lack of system of the hills and valleys. 
Over much of this area the topographic features are the result of the 
solution of the underlying calcareous deposits, and the prevailing 
surface configuration includes depressions or solution basins of 
varying size and depth, and hills of varying size and height. Within 
the area, the topography of which is controlled by underlying cal- 
careous deposits, are two subdivisions which are worthy of special 
mention. These are the "sink-hole region," which lies chiefly along 
the west slope of the peninsula, and the "lake region," which lies 
for the most part near to or somewhat east of the center of the 
peninsula. In the sink-hole region the limestones lie at no great 
depth. The sinks which form as a result of the solution of the 
limestones, thus allowing the covering to fall in, usually reach 
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through to permanent water level, thus forming small circular lakes. 
In the lake region the calcareous rocks are covered to a greater 
depth. The lakes are usually circular in outline and are deep, with 
high banks. In extreme western Florida, including Escambia and 
Santa Rosa counties, the calcareous deposits are buried beneath 
the surface to such a depth as not to affect the topography. A 
similar region is found on the east bank of the Apalachicola River, 
including Gadsden and the northern part of Liberty counties. 
Under these conditions the topography is determined by the normal 
drainage courses. 

CLIMATE, TEMPERATURE, AND RAINFALL 

The climatic conditions of the state are appreciably influenced 
by the proximity to oceanic waters. This is especially noticeable 
with regard to temperature, rainfall, and humidity. The tempera- 
ture is moderate, the rainfall moderately heavy, and the humidity 
high. The mean annual temperature near the northern line of 
Florida is about 670 F., while at Key West in extreme southern 
Florida the mean annual temperature is close to 77° F. By far the 
greater part of the state lies within an area which receives between 
48 and 57 inches annual rainfall. In extreme southern Florida on 
the Keys is a small area in which the rainfall is much less, the 
average for the station at Key West being about 38 inches. On the 
other hand a small area in extreme western Florida and another 
along the South Atlantic Coast receives an annual rainfall approxi- 
mating 60 inches. The average annual rainfall for the state as a 
whole is close to 54 inches. The rainfall is distributed irregularly 
throughout the year. The driest months are April and November, 
while the heaviest rainfall comes as a rule from June to September. 
Variation in rainfall is pronounced in Florida. This variation is 
due in part to normal seasonal variations, and in part to the influ- 
ence of heavy tropical storms, especially those of the late summer 
and fall. These storms, or hurricanes, which fortunately are not 
of frequent occurrence, usually result in a heavy precipitation in the 
belt of country through which they pass. 

The maximum recorded precipitation for one year in Florida is 
probably that of 1912, at which time the rainfall for the state was 
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64.88 inches (Climatological Report, 1912). The maximum for any 
one station during this exceptional year was 91. 61 inches, at Mo- 
lino in Escambia County. The maximum recorded rainfall for any 
one month at a single station is 31.26 inches, which is credited to 
August, although in July, 1916, the rainfall at Bonifay, in Holmes 
County, was 30.6 inches. The rainfall of a single storm lasting 
somewhat more than one day has been known to exceed o10 inches. 
The rainfall for a period of twenty-four hours is known to have been 
as much at a single station as 13.18 inches. As much as 3.90 
inches is recorded as having fallen in one hour at Tampa in August 
(Climatological Data, sec. 84). 

DRAINAGE 

The drainage conditions in Florida are in some respects excep- 
tional. In that part of the state in which limestones are near the 
surface, especially on the upland limestone section of the interior, 
the drainage is largely subterranean, although much of the water 
that thus enters the earth reappears through large springs which 

supply streams. In the limestone belt the rainfall enters the earth 
either directly through the surface materials or through disappearing 
streams which discharge their flow into porous rocks. The sub- 
terranean drainage is best developed in that part of the state known 
as the "lime sink" region, where aside from the main rivers there 
are few or no surface streams. Partial subterranean drainage, 
however, is characteristic of a very much larger area, and for the 
state as a whole the average for surface run-off is low. 

The prevailingly level country over much of the state, together 
with porous soils, results in but limited surface wash. However, 
in the more hilly parts of the state the wash of road beds and soils 
under the influence of heavy rains is sometimes serious. 

The streams of Florida for the most part have a slight gradient 
and are slow-moving. The drainage of the westward extension of 
the state is through numerous streams, of which the Apalachicola is 
the largest, having a general north-south direction. The drainage 
basins of the peninsula are for the most part ill-defined. The St. 
Johns River, which flows north, and the Kissimmee River, which 
flows south, receive much of the drainage of the Atlantic slope. 
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Entering the Gulf of Mexico from the western slope of the peninsula 
are a number of streams, among which are the Suwannee, With- 
lacoochee, Hillsboro, and Caloosahatchee rivers. 

GEOLOGY 

Florida lies entirely within the Coastal Plains province and the 
formations exposed at the surface are all of the Cenozoic era. The 
amount of limestone in Florida is relatively large; nevertheless, a 

TABLE OF GEOLOGIC FORMATIONS IN FLORIDA 
FEET 

Palm Beach limestone. Marine. 5- 50o 
Miami Oilitic limestone. Marine. 10- 50o 
Key Largo limestone. Marine. 75-100 

Pleistocene...t Key West limestone. Marine. 50- 70 
Lostmans River limestone. Marine. 30- 40 
Fort Thompson beds. Marine and 

fresh water. o- 20 

Unconformity in places (at least). 

Bone Valley formation. Estuarine. 20-o100 

Alachua formation. Residual. 20-100 Pliocene 
Caloosahatchee formation. Marine. o10- 25 
Nashua formation. Marine. io- 30 

Choctawhatchee formation. Marine. 30- 50 

Miocene Jacksonville formation. Marine. Thickness undetermined 
Alum Bluff formation. Marine; 

shallow water. 50-400 

Unconformity where Miocene overlaps Eocene. 

Tampa formation. Marine. 0-130 
Oligocene. Chattahoochee formation. Marine. Ioo-200 

Vicksburg formation. Marine. 20- 6o 

Unconformity in places (at least). 

Eocene. Ocala formation. Marine. o- 50 
Claiborne formation. Marine. Thickness not known 

Unconformity. 

Cretaceous.... Unknown. 

Comanchean .Known only from well cuttings. 

very considerable quantity of sedimentary material, including sand, 
clay, and flint pebbles, was carried to the south and included in some 
of the Florida formations. The progress made in recent years in the 
study of the geology of Florida has made necessary a number of 
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changes in the classification of the formations of the state. Of the 
formation names formerly in use, one or two have been discarded, 
and on the other hand several new names have been added. The 
classification which at present best represents our knowledge of the 
geology of the state is expressed in the table (p.290). A recently 
discovered fact in regard to the geology of Florida is the presence of 
Comanchean formations forming the substructure of the peninsula 
and extending at least as far west as Tallahassee.' Scarcely less 
remarkable is the complete absence, so far as any records yet 
obtained indicate, of the Cretaceous formations (Upper Cretaceous). 
If any of these formations were present they were removed by 
erosion previous to the deposition of the late Eocene formations. 
Their absence in any case can be accounted for only by a long period, 
previous to the late Eocene, during which the Florida land mass 
stood above water-level. The earth structure by which this pen- 
insular land mass was produced thus dates back at least into the 
Mesozoic period. 

STRATIGRAPHIC SUCCESSION 

COMANCHEAN FORMATIONS 

The oldest formations that have been recognized in Florida are 
those encountered in well drilling and known at present only from 
well cuttings. The fossils found in these cuttings indicate the 
presence of Comanchean formations under all of the peninsula and 
a part at least of west Florida. The discussion of these formations 
together with the data from which they have been determined has 
been given by Dr. J. A. Cushman in the Twelfth Annual Report of 
the Florida Geological Survey. The thickness of the Comanchean 
underlying Florida has not been determined. The formations are 
chiefly limestone. The Cretaceous (Upper Cretaceous) is wanting 
in all deep wells of which record has been obtained. 

EOCENE 

The Eocene deposits are represented in Florida by the Claiborne 
and Ocala formations. The Claiborne formation comes into Florida 
for only a short distance on the Choctawhatchee River near the 

'Joseph A. Cushman, "The Age of the Underlying Rocks of Florida as Shown by 

the Foraminifera of Well Borings," Florida State Geol. Surv., i2th Ann. Rept., 1919. 
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Georgia-Florida border. Where exposed on the Choctawhatchee 
River this formation consists of a glauconitic calcareous sand rock, 
exposures of which are seen at intervals on the river banks for 
about one and two-thirds miles downstream from the Georgia- 
Florida line, beyond which it passes below the bed of the river. 
The thickness of this formation in Florida has not been determined. 

The Ocala formation as developed in Florida consists for the 
most part of very pure limestone. Fossils are abundant, although 
many of the mollusks are preserved only as casts. The rock as a 
rule is granular and porous, although in places, by replacement, it 
has become close-grained and compact. Masses and layers of flint 
representing limestone replaced by silica are of frequent occurrence 
in this formation. Aside from the flint masses much of the rock 
consists of soft white limestone or shell marl. This formation is 
exposed to a limited extent on the Chipola River near Marianna, 
and also over a considerable area in central peninsular Florida. 
According to recent studies by Cushman the thickness of the forma- 
tion is very moderate, in places not exceeding 40 or 50 feet. 

OLIGOCENE 

The Oligocene as limited by recent investigations includes in 
Florida only the Vicksburg, Chattahoochee, and Tampa forma- 
tions. The Ocala formation, which had been placed by Dall and 
others in the Oligocene, has been placed in the Eocene upon the 
evidence of the molluscan fauna.' The Alum Bluff formation on 
the other hand formerly referred to the Upper Oligocene has been 
placed in recent years in the Miocene on the evidence of the 
vertebrates and invertebrates.2 

The Vicksburg formation consists of limestones lithologically not 
unlike those of the Ocala formation. Exposures of the Vicksburg 
formation are found in Florida near Marianna and Chipley, in 
Jackson and Washington counties. 

'G. Wythe Cooke, "The Age of the Ocala Limestone," U.S. Geol. Surv., Prof. 
Paper 95, 1915, pp. 107-17. 

2 E. H. Sellards, "Fossil Vertebrates from Florida; a New Miocene Fauna; New 
Pliocene Species; the Pleistocene Fauna," Florida State Geol. Surv., 8th Ann. Rept., 
1916, pp. 77-119, 5 pls. Carlotta J. Maury, "Santo Domingo Type Sections and 
Fossils," Bull. Amer. Paleontology, V, No. 30 (1917), Correlation table. 
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The Chattahoochee and Tampa formations, which apparently 
are in part at least contemporaneous in deposition, constitute the 
upper part of the Oligocene as developed in Florida. The Chatta- 
hoochee formation is well exposed on the Chattahoochee River from 
the Georgia-Florida state line to Rock Bluff, a distance of about 
twelve miles. Another considerable belt of exposures of this 
formation is found extending from the Ocklocknee River to or 
somewhat east of the Suwannee River, and from near the Georgia- 
Florida state line to the Gulf border. The formation as exposed 
on the Apalachicola River includes impure clayey limestones. A 
rather harder and perhaps more nearly pure limestone phase 
of the formation shows between the Ocklocknee and Suwannee 
rivers. 

The Tampa formation is exposed on the Hillsboro River and on 
the Manatee River near Tampa. It is likewise a limestone varying 
in hardness and in purity. The thickness of the Oligocene in 
Florida is difficult to determine, since there are no surface exposures 
that afford a measurement of the combined thickness of the forma- 
tions. The evidence from well records as to the thickness of these 
beds is at present too indefinite to be of service. 

MIOCENE 

The Miocene of Florida includes the Alum Bluff, Jacksonville, 
and Choctawhatchee formations. The Alum Bluf formation, 
formerly referred to the Oligocene, as already noted has been placed 
in the Miocene on the evidence of the vertebrate and invertebrate 
fossils. The materials of this formation include calcareous sands 
and sandstones varying to sandy limestones, calcareous clays, 
fuller's earth clays, and sands. The conditions under which the 
formation was deposited were evidently shallow water often in the 
presence of conflicting currents. This is especially true of the upper 
part of the formation in which cross-bedding is not uncommon. 
Fossil plants are found in this formation at the type locality at 
Alum Bluff. At the fuller's earth mines in Gadsden County there 
is found a limited although extremely interesting land vertebrate 
fauna associated with a shallow water invertebrate fauna. Farther 
to the west on the Choctawhatchee and Yellow rivers the formation 
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is more distinctly marine and contaifns an abundant marine inverte- 
brate fauna. In the southern part of the state the deposits which 
are believed to represent the equivalent of the Alum Bluff formation 
are distinctly phosphatic. As there developed the formation con- 
sists chiefly of shell marl beds in which is included black, brown, and 
white phosphate pebble. 

Deposits found on Black Creek in Clay County and referred to 
the Jacksonville formation are lithologically very similar to the Alum 
Bluff formation as developed in south Florida, and contain similar 
phosphate pebble. 

The Choctawhatchee formation is later in age and overlies the 
Alum Bluff formation. It is chiefly a loosely cemented shell marl, 
formed in shallow water and often quite sandy. The surface 
outcrop of this formation occupies a narrow belt extending in a 
general east-west direction from west of the Choctawhatchee to 
somewhat east of the Ocklocknee rivers. In determining the thick- 
ness of the Miocene it is necessary to rely on well samples. At 
Jacksonville the Miocene apparently extends from near the surface 
(about 33 feet) to possibly as deep as 500 feet, giving for the 
formations of this period a thickness approximating 450 feet. 
Probably at least 400 feet of the section of the well at Fprt Myers 
is likewise to be referred to the Miocene, while in the well at 
Okeechobee the Miocene apparently approximates 400 feet in 
thickness. 

Phosphate in the Miocene.-Phosphate rock in considerable 
quantity appears for the first time in the Lower Miocene' (Alum 
Bluff formation), the phosphates of both the Alachua and Bone 
Valley formations having been derived from this formation; the 
hard rock chiefly by chemical, the land pebble phosphate chiefly by 
mechanical, segregation.2 While the processes of concentration to 

SIn a well at Apopka, Florida, described in the Twelfth Annual Report of the Florida 
Geological Survey, Comanchean foraminifera have been identified by Cushman from 
limestones or marls with which is included a considerable quantity of pebble phosphate 
through a thickness of about 170 feet. Whether the phosphate belongs in this lime- 
stone or has fallen down from a higher level remains to be determined. At no other 
locality is pebble phosphate found in the Comanchean. 

2E. H. Sellards, "Origin of the Hard Rock Phosphate Deposits of Florida," 
Florida State Geol. Surv., 5th Ann. Rept., 1913, pp. 23-66; "The Pebble Phosphates of 
Florida," ibid., 7th Ann. Rept., 1915, pp. 25-116. 
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workable deposits can be reasonably well followed there remains the 
problem of the origin of the phosphate in the Alum Bluff formation 
itself. The Eocene and Oligocene formations of peninsular Florida, 
are calcareous, some of them being very pure limestones. During 
the Lower Miocene, however, the conditions were changed to such 
an extent that very considerable quantities of land-derived sedi- 
ments were carried into northern Florida. This change was perhaps 
gradual, as the lower part of the Alum Bluff formation is more 
calcareous than the upper part. Likewise the Alum Bluff formation 
of southern Florida is more calcareous than the same formation in 
northern Florida. At Alum Bluff, land plants are preserved in this 
formation, and in the fuller's earth mines are found land vertebrates. 
In south central Florida more or less shell marl is found in the Alum 
Bluff formation and in southern Florida a deposit of shell marl of 
great thickness was accumulated during this time. It seems 
probable that the phosphates of the Alum Bluff formation, from 
which in later times were formed the workable phosphate beds of 
Florida, accumulated through chemical or biochemical processes 
in the warm shallow seas in which were deposited the great marl 
beds of the formation. 

PLIOCENE 

Four formations in Florida, more or less well differentiated, are 
referred to the Pliocene. These are the Nashua and Caloosahatchee 
shell marls, and the Bone Valley and Alachua formations. The two 
first mentioned are marine formations. The Nashua marls are well 
developed on the St. Johns River in Putnam and Volusia counties. 
The Caloosahatchee marls find their typical development on the 
Caloosahatchee River. Both formations contain an abundant 
fauna of well-preserved invertebrates. The Bone Valley formation 
which contains the workable pebble phosphate deposits is well 
developed in Polk and Hillsboro counties. This formation is 
evidently of shallow-water origin and is in part at least estuarine. 
It represents material reaccumulated during Pliocene time, derived 
chiefly from the disintegration of the nearby Miocene deposits. 
The Alachua formation likewise represents a re-working of materials 
derived from the disintegration chiefly of the Miocene deposits and 
to some extent also of the older formations on which this formation 
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rests. The Alachua formation contains the workable deposits 
of hard rock phosphate. Both the Bone Valley and Alachua forma- 
tions contain a vertebrate fauna on the basis of which the formations 
are referred to the Pliocene. The Bone Valley formation rarely 
exceeds 100o feet in thickness and as a rule is less. The Dunnellon 
formation likewise is usually less than 1oo feet in thickness. Both 
the Nashua and Caloosahatchee formations so far as known are 
thin and may not exceed 50 or 100 feet. 

PLEISTOCENE 

The Pleistocene formations of Florida include river alluvial and 
marine deposits. The marine or chiefly marine Pleistocene deposits 
of the state have been described under the heading of Palm Beach 
limestone, Miami odlitic limestone, Key Largo limestone, Key West 
limestone, Lostmans River limestone, and Fort Thompson beds. 

The five first named are all of marine origin. The Fort Thompson 
beds include an alternation of fresh-water and marine deposits. All 
of these deposits are found in southern Florida and the interrelation 
of the several named units remains to be determined on more 
detailed stratigraphic work than has yet been done. Alluvial 
Pleistocene deposits are widely distributed over the state, especially 
in the stream valleys. In places these stream deposits contain 
vertebrate and invertebrate fossils. 

GEOLOGIC SKETCH MAP 

The sketch map (Plate II) shows in a general way the surface 
distribution of the Florida formations. Owing to the small scale 
of the map it has been necessary to combine the formations. It is 
also impracticable to show limited exposures, such for instance as 
the exposures of the Ocala Eocene on the Chipola River near 
Marianna, or of the Claiborne Eocene on the Choctawhatchee River 
near the Georgia-Florida state line. Outliers and remnants of some 
of the formations are omitted for the same reason. Thus over both 
the Eocene and the Oligocene of peninsular Florida are found 
remnants of the Lower Miocene, indicating probably the former 
extension of the Alum Bluff formation over the entire state. No 
attempt has been made to show the Alachua formation, which rests 
chiefly upon the Eocene of Alachua, Levy, Marion, and Citrus 
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counties; nor the Bone Valley formation, which rests upon the 
Miocene of Polk and Hillsboro counties. The alluvial Pleistocene 
deposits are likewise omitted from the map, and also the limited 
exposures of Pliocene (?) on the St. Marys River. 

STRUCTURAL CONDITIONS IN THE FLORIDIAN PLATEAU 

THE RELATION OF THE FLORIDA PENINSULA TO THE COASTAL PLAIN 

An unusual structural feature in coastal plains geology is the 
great Floridian plateau which, projecting from the mainland, 
separates the Atlantic Ocean from the Gulf of Mexico. The times 
of origin of this plateau may not be determinable, although it is 
now known to have been in existence and to have formed a large 
shallow-water area as early at least as the Lower Cretaceous or 
Comanchean period. Although affected by diastrophic agencies, 
including elevation and depression, this plateau has continued as a 
structural feature from the Comanchean or earlier to the present 
time. 

For some years the Florida Geological Survey has been collecting 
well logs and well cuttings with a view to determining so far as 
practicable the structural conditions underlying peninsular Florida. 
This work has progressed slowly, although some data have now 
accumulated that have a very important bearing on this problem. 
Early in 1918 cuttings containing numerous foraminifera from a 
deep well then recently completed in Sumter County were sent to 
Dr. T. W. Vaughan, of the United States Geological Survey, by 
whom they were referred to Dr. J. A. Cushman. Dr. Cushman's 
identification of the foraminifera of these samples led to the very 
unexpected result that they indicated the presence of Comanchean 
(Lower Cretaceous) formations. Subsequently the foraminifera 
were identified by Dr. Cushman from the cuttings of about fifteen 
wells in Florida. In addition there are a number of other wells 
that from logs or samples give approximate data. 

SKETCH MAP OF STRUCTURAL CONDITIONS IN FLORIDA 

Upon the basis of all data available at this time there has been 
constructed a sketch map (Fig. i) which represents approximately 
what is known of structural conditions in the peninsular section of 
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FIG. i.-Sketch map to indicate general structural conditions in Florida: A, 
Belt of country in which the Eocene formations, when present, lie above sea-level, 
mostly from sea-level to as much as about too feet above; B, Eocene formations below 
sea-level; for the most part between o and 200 feet below. Doubtful territory for 
both belts A and B is indicated by a question mark; C, Eocene formations probably 
more than 200 feet below sea-level, varying from 200 feet to a maximum, so far as 
known, of about i,ooo feet in the southern part of the peninsula. Figures entered on 
the man record the annroximate clenth to the ton surface of the Eacome usually the 
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Florida. On this map there is indicated an area in the west central 
part of the peninsula, marked "A," in which the top of the Eocene 
limestones, when present, lies at or above sea-level. The data for 
placing the eastern margin of this area are very limited, and the 
boundaries are necessarily very roughly approximated. In the lake 
region of Clay County in particular it is possible that the Eocene 
may lie closer to the surface than is here indicated. 

A second area, " B, " is marked off on the map, in which generally 
speaking the top of the Eocene limestones appears to lie below sea- 
level, but at no place in excess of 200 feet below sea. These two 
areas, it will be noted, together make up a broad belt extending 
across and occupying all of the north central part of the peninsula 
from the Gulf to the Atlantic coasts. The data on which this belt 
is mapped is derived in part from surface exposures and in part from 
well records. The upper course of the Suwannee River in Florida 
is known to lie in a structurally low area, since in following the 
course of this stream it passes toward the Gulf to successively older 
formations. Since in Hamilton County the Alum Bluff Miocene is 
exposed at elevations not exceeding 75 feet above sea it is surmised 
that the Eocene will be found in this general area to lie below sea- 
level. From numerous wells drilled at Jacksonville it is known 
that the Eocene limestones there lie about 500 feet below sea-level. 
On the other hand, at Riverdale, on the St. Johns River about 35 
miles south of Jacksonville, Eocene limestones are reached, as indi- 
cated by well cuttings, at about 211 feet below sea-level; while at 
St. Augustine the Ocala Eocene, on the authority of Dr. W. H. Dall, 
is placed at a depth of 224 feet from the surface or about 214 feet 
below sea-level. 

In the well of Mr. Oliver Gibbs at Melbourne Beach, Eocene 
fossils were detected which, from the log of the well, appear to have 
come from the depth of 221 feet, the total depth of the well being 
318 feet. At intermediate points between Melbourne and St. 
Augustine, on and near the coast the Eocene limestones lie, so far as 
determined, at depths between ioo or somewhat less and 200 feet 
below sea-level. This is true of wells at Cocoa, where Eocene 
fossils have been taken from a well the total depth of which does not 
exceed 190 feet; at New Smyrna, where the Eocene appears from 
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well samples to have been reached at a depth of 105 feet from the 
surface; at Daytona, where from well logs it would seem that the 
Eocene is somewhat shallower than at New Smyrna, lying 
apparently at less than 1oo feet from the surface. The depth to the 
Eocene has been determined approximately at a few inland towns 
in this area. At Sanford, fossils of the Ocala formation have been 
identified by Cushman at a depth of I13 feet. The surface level 
at the old railway depot at Sanford is given as 20 feet above sea. 
The surface level at the well is not known but probably does not 
differ greatly from the level at the depot. The top surface of the 
Eocene therefore is probably somewhat less than 1oo feet below 
sea-level. At Orange Mills the limestones, probably Eocene, have 
been reported at a depth of 130 feet, the surface elevation at this 
place being about 15 feet above sea-level. A slightly increased 
depth to these limestones is suggested by well records at Hastings. 

In the well of the Palmetto Phosphate Company in Polk County 
the top of the Ocala is placed by Cushman at 360 feet. The surface 
elevation at Fort Meade is 130 feet above sea. Hence the actual 
level of the top surface of the Ocala formation is probably somewhat 
more than 200 feet below sea-level. 

That part of the peninsula in which the Eocene formations so far 
as known lie at a depth of more than 200 feet below sea-level 
includes a small area in the northeastern part of the state and the 
whole of extreme southern Florida as well as a coastal belt west of 
the Apalachicola River. The depth at which the Eocene is known 
more or less definitely is indicated at several localities within this 
large area although the data is as yet very limited. There is in 
particular complete lack of information, as indicated by the use of 
the question mark on the map, in the southern part of the lake 
region, where the older formations may be expected to lie rather 
close to the surface. 

ASYMMETRY OF THE FLORIDIAN PLATEAU 

The actual position and extent of this plateau, as has been shown 
by Smith, Vaughan, and others,' is strikingly different to that which 

'Eugene A. Smith, "On the Geology of Florida," Anm. Jour. Sci. (3), XXI (i88i), 
292-309; T. Wayland Vaughan, "A Contribution to the Geologic History of the 
Floridian Plateau," Carnegie Institution of Washington, Pub. No. z33, 1910. 
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appears from the inspection of an ordinary map of the land areas. 
The ioo-fathom contour may be taken as the approximate margin 

1 2 3 

FIG. 2.--Thickness of formations as indicated by wells. Vertical scale, one 
inch equals 400 feet. No. I, well in Wakulla County, eastern part of West Florida; 
No. 2, well of Palmetto Phosphate Company, Polk County, South Central Florida; 
No. 3, well of Florida East Coast Railway, on the Florida keys, Monroe County, 
South Florida. 

of the plateau, since the slope to this line is for the most part gradual, 
while beyond this contour the slope is steep, and in places, especially 
toward the south end of the peninsula, is abrupt. Taking this 
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loo-fathom contour as the margin it will be found that scarcely 
one-half of the plateau is above water, and that the greater part of 
that which is above water lies to the east of the north-south axis. 
With regard to elevation the plateau is therefore asymmetrical, the 
eastern half being higher, mostly above sea-level, than the western 
half, which is almost wholly submerged. This lack of symmetry is 
apparently due in particular to a tilting or warping of the peninsula 
toward the west, by which the coast of west Florida has been 
depressed as far south as Hernando County, while the east coast, 
including all of the southern tip of the peninsula, has been slightly 
elevated. 
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